We show that comovements of individual stock prices cannot be justified by economic fundamentals. This finding is a rejection of the present value model of security valuation. Unlike other tests of this model, ours is robust in that it allows for volatility in ex ante rates of return. The only constraint we impose is that investors' utilities are functions of a single consumption index. This implies that changes in discount rates must be related to changes in macroeconomic variables, and hence stock prices of companies in unrelated lines of business should move together only in response to changes in current or expected future macroeconomic conditions. We also show that this constraint implies that any priced factors in the APT model must be related to macroeconomic variables. Hence our results are also a rejection of the APT, so constrained.
Introduction
This paper examines the comovement of individual stock prices, and tests whether that comovement can be justified by economic fundamentals. In effect, we test the present value model of security valuation. Unlike other tests of this model, ours is robust in that it allows discount rates to vary. The only constraint we impose is one that appears in most equilibrium models of security valuation: investors' utilities are functions discount rates to vary. The only constraint we impose is one that appears in most equilibrium models of security valuation: investors' utilities are functions of a single consumption index. With this constraint, changes in discount rates must be related to changes in macroeconomic variables such as GNP, interest rates, exchange rates, etc. Then, share prices of companies whose earnings are correlated only through the common effects of macroeconomic variables should move together only when there are changes in current or expected future macroeconomic conditions. This constraint on the present value model also has implications for the Arbitrage Pricing Theory (APT). According to the APT, the random return on asset i is a linear function of a set of factors, and a random term specific to that asset. Because the risk due to these factors is not diversifiable, the "factor loadings" (the dependence of the random return on each factor) determine the asset's expected return. Most empirical formulations of the APT are not explicit about what these factors are. 1 However, we will show that this constraint implies that any priced factors must be related to macroeconomic variables.
Hence our test is also a test of the APT, so constrained.
Although factors in the APT must be related to macroeconomic variables, this does 'See, for example, Roll and Ross (1980), and Lehmann and Modest (1988) . not mean that they are necessarily observable. In fact, one would expect unobservable expectations of future macroeconomic variables to constitute important factors. Our statistical methodology explicitly accounts for this.
Much of the debate over the validity of present value models has focused on the behavior of the market as a whole, and in particular on its volatility. 2 It is important to be clear about the relationship between excess volatility of the market and excess comovement of individual stocks. Excess volatility can follow from excess comovement; if all stocks move together for reasons unrelated to fundamentals, the market will move more than is justified by those fundamentals. However, excess volatility need not imply excess comovement. For example, the excess movement of the market in each period could be due to changes in the share prices of only one industry or firm. 3 Similarly, there could be excessive negative correlation among some securities, which would not imply excess volatility of the market.
We test for excess comovement using earnings and returns data for groups of selected companies. The companies in each group are unrelated according to two criteria. First, they operate in different lines of business; they neither produce similar goods or services, nor do they have important vertical relations with each other. Second, their earnings (normalized by nominal GNP) are not significantly correlated. Since the normalized earnings are uncorrelated, the firms' stock returns should be correlated only to the extent that they are correlated with macroeconomic factors, i.e., with variables that are related to economy-wide earnings or discount rates. We test whether this is indeed the case.
We conduct our tests in two steps. First, we use an approach similar to that in Burmeister and McElroy (1988a,b) , Chen, Roll and Ross (1986) , and others who study the APT by focusing on observable factors. Specifically, we run ordinary least squares regressions of stock returns on current and lagged values of macroeconomic variables, and then test whether the residuals of these regressions are correlated across firms. We first run these regressions excluding the return on the market as an independent variable, on the grounds that any correlations between individual returns and a market index should
See Shiller (1981) and LeRoy and Porter (1981).
SShiller (1989) argues that the excess market volatility attributable to movements in individual shares vanishes as one considers smaller and smaller firms. But, this source of volatility can remain important as long as all share prices within an industry move together and industry share prices are excessively volatile. be due to the effects of economic variables. We then include either the lagged dividendprice ratio for the market -a variable that has been shown to have predictive power for stock returns 4 -or the return on the market itself. We find that in all cases the regression residuals are highly correlated for every group of companies.
One problem with these regressions is that agents' expectations of future macroeconomic variables are likely to be based on more than the current and lagged values of those variables. Any additional information that agents might have about the future course of the economy will presumably be reflected in the stock prices of many firms, and hence can lead to a spurious finding of excess comovement in the least squares regressions. Unfortunately, this problem cannot be eliminated by running regressions of current returns on future values of macroeconomic variables, as is done, for example, by Chen, Roll and Ross (1986) . The reason is that agents can base their investment decisions only on expectations of these variables. The realizations of these variables represent market expectations plus expectational errors, and expectational errors can introduce spurious comovement in regressions of current returns on future values of macroeconomic variables.
Following our earlier work on commodity prices (Pindyck and Rotemberg (1989)), we account for agents' expectations through the use of latent variables, which represent unobserved forecasts of macroeconomic variables. Our model then becomes a MIMIC (multiple indicator multiple cause) model. The "indicators," i.e., the variables which are affected by the latent variables, include both the individual stock returns and the actual future values of the macroeconomic variables. The "causes" are any variables useful in forecasting macroeconomic variables. In this case, the causes are current and past values of some economic variables (e.g., the money supply and oil prices), as well as the stock market itself. 5 The use of latent variables provides a test of the APT which is quite different from the unobservable factor approach used by, among others, Roll and Ross (1980) and Lehmann and Modest (1988). The reason is that our latent variables are tied to observed future macroeconomic variables, and must be good predictors of those variables. In our work we use two latent variables, the first representing forecasts of future real GNP growth, and the second representing forecasts of future inflation (and hence discount rates). These latent variables turn out to be significant explanators of individual stock returns; including them substantially increases the percentages of the variations in returns that is explained.
Nonetheless, for every group of companies we test, the unexplained movements in returns remain excessively correlated. This finding is a rejection of the APT, at least in its "fundamentals" form, and is a challenge to the present v,lue model of security valuation. This paper is closely related to the work of Shiller (1989) , who studies comovements between the US and UK markets. 6 He shows that market averages as well as expected rates of return on market averages in these two countries nations move together. This finding constitutes strong evidence against the present value model with a constant discount rate.
It is less clear that this evidence is inconsistent with the present value model when one allows for plausible variations in discount rates. 7 Our work is also related to that of Hansen and Jaganathan (1988) . They show how means and covariances of returns can be used to infer a lower bound on the variability of marginal rates of substitution. It is apparent from their formulae that, for given variances in these returns, correlation among them leads to a larger estimate of variability in the marginal rate of substitution. Therefore, comovements in returns contribute to their finding of excessive volatility in marginal rates of substitution.
The early antecedents of this line of work are King (1966) and Meyers (1973 ). King (1966 argues that most of the correlation in returns is attributable to industry effects. 8 However, he also finds significant correlation among the factors that represent industries.
Using slightly different techniques, Meyers (1973) finds even less support for the idea that all return correlations are due to industry factors. He does a principal components analysis and finds that the principal components cannot be interpreted as being due exclusively to industry effects.
6 See King and Whadwani (1989) for an analysis of the interactions between markets in different nations at hourly frequencies. 7Indeed Shiller (1989) cannot reject the versions of his model where the discount rate varies with the rate of return on commercial paper.
SSee also Lee and Vinso (1980) who study the correlation of returns of several oil companies.
We proceed as follows. The next section explains the underlying theory. Specifically, we show that if stock prices represent present values of expected future earnings, and agents' utilities depend on a single consumption good, any priced factor must be macroeconomic in nature. Section 3 lays out our empirical methodology, and relates it to other tests of the APT. Section 4 discusses our choice of companies, and examines the correlations of their earnings and their raw returns. Section 5 presents simple tests of excess comovement based on least squares regressions of returns, and Section 6 presents the results of tests based on our latent variable model. Section 7 concludes.
The Theory

The Present Value Model
Our test is based on the standard model in which the stock price of firm i at time t is the expected present discounted value of earnings. Thus:
where Et takes expectations conditional on information at time t, Pi,t and A,, t represent, respectively the share price and the earnings per share of company i at time t. The discount factor for earnings at t + j, Rt,t+j, is the !z post return an investor gets from t to t + j.
This return represents the number of units of the numeraire an investor would require ez post to be indifferent between these units and one unit of the numeraire at time t. In other words, it represents the ez post marginal rate of substitution between a unit of the numeraire at t and a unit of the numeraire at t + j. (While this return depends on states of nature, it is not asset specific).
The present value model does not require that the discount rates R (or their expectations) be constant. 9 On the contrary, they are likely to vary as macroeconomic conditions change. For example, shifts in productivity, which can show up as changes in output, interest rates and employment, generally lead to changes in discount rates. So, too, will 9 This distinguishes us from the literature on excess volatility pioneered by Shiller (1981) which considers models with constant discount rates. Actually, these empirical exercises are best thought (as stated by Shiller (1981) and Hansen and Jaganathan (1988)) as showing that discount rates must be extremely variable. Our approach is consistent with any level of volatility of returns as long as this volatility is related to macroeconomic factors.
changes in aggregate demand, such as those generated by changes in government spending or changes in preferences. In fact, in standard models in which utility depends on a single consumption index (such as the intertemporal capital asset pricing model), any change in these discount rates must stem from changes in macroeconomic conditions. This is a fundamental premise and our analysis tests its implications for asset pricing. 10 To simplify the derivation of our test we assume that earnings at t are paid out at t.
Therefore:
t,t+j j=o Since the R's are ex post returns, Rt-l,tRt,t+" is equal to Rt-l,t+j for j > 1. Then, combining these equations after dividing the latter one by Rt-l,t:
,t+
The expectation of the left hand side of (4) at time t -1 is zero. An alternative and perhaps more conventional way of measuring returns to a security is to simply take the ratio of the total payoff of the security to its cost. Given our timing convention, this return for stock i from t -1 to t, which we denote by Q 1 ,t, equals Pi,t/(Pi,t-1 -Ai,t-1). Using (2): As an illustration, consider the common case in which the representative investor has a time additive utility function given by:
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where the vector Xt can include either a collection of returns or some other economic variables. Connor and Korajczyk (1990) show that, under special circumstances, it is possible to derive a linear model such as (7) from optimizing models of the sort that underlie equations (1)-(6). To derive linear models with constant coefficients they have to make functional form assumptions on the utility function (5) or on the process generating returns. Without these assumptions the relationship of ex post returns with other economic variables either has coefficients that change over time or is nonlinear.
Taking such a linear model as given, the APT has a second part in which arbitrage
arguments are used to demonstrate that the expected return on asset i is a linear function of the coefficients -i in (7). Those elements of the vector X whose coefficients affect expected returns are priced factors. Investors demand a higher expected return if they are to hold an asset whose return is sensitive to these factors. The usual derivation of this second part of the theory requires that, after including the priced factors in (7), the correlation among the Ei,t's be low. 12 If the correlations are important, one would expect risk averse investors to require a higher expected return for holding certain combinations of securities. Thus, the APT requires that after including priced factors, the correlations of the residuals in (7) should be small.
Moreover, the logic of the previous subsection implies that only those variables which are correlated with changes in Rt-l,t can be priced factors. Ex post returns can also be affected by variables which are correlated with the expectational revision:
However, it follows from (4) that variables which relate to changes in this expectational revision but are unrelated to Rt-l,t do not affect expected returns and thus cannot be priced factors.
A subset of the variables in X are related to changes in Rt-l,t. Once this subset is included in (7), the residuals Ej, t should have little correlation. Returns of companies in the same industry might remain correlated but those of less related companies would have to be uncorrelated so that individuals could diversify industry risk. Specifically, for two firms i and k in separate industries, only unexpected changes in macroeconomic variables lead to revisions in both the expectation of CEofAity/Rtit+,] and that of [Ak,t+j/Rtl,t+j] . Therefore, after including any macroeconomic variables which affect Rt-l,t or lead to common revisions in the expected present discounted value of earnings, the residuals ft and Ek,t in (7) should be uncorrelated. 13 This is the implication of the present value model which we test below.
Empirical Methodology and Data
We test whether there is excess correlation of returns among companies that are in unrelated lines of business, and whose earnings are uncorrelated after controlling for macroeconomic variables. As explained above, this is a test of the present value model
(1) under the assumption that utility is a function of a single consumption index (which implies that the ex post returns Rt,t+l depend only on current and expected future values of macroeconomic variables). It is also a test of the APT in that the derivation of the APT requires that the residuals of (7) have little correlation with each other.
Our test is done in three steps. First, we form groups of companies and test whether the earnings of these companies are indeed uncorrelated. Second, we run OLS regressions of the returns of these companies against current and past values of macroeconomic variables, a market index, and the lagged dividend-price ratio, and then test whether the residuals of these regressions are correlated. Third, we estimate a latent variable factor model that accounts for unobserved expectations of future macroeconomic variables, and test whether the errors of this model are uncorrelated across companies, as the present value model would imply.
We test both whether earnings and returns correlations differ from zero. One might be interested instead in testing more directly whether the correlation of returns is excessive in light of the correlation of earnings. It is not clear how such a test can be constructed.
However, if (i) discount rates are constant, (ii) earnings are the only variable observed by market participants, and (iii) earnings follow a random walk, then the correlation of earnings changes should be the same as the correlation of returns. Whether a similar analysis applies more generally to earnings and returns conditional on macroeconomic variables awaits further research.
Behavior of Earnings
We begin by forming groups of companies whose main business activities are unrelated.
Clearly, the size of these groups cannot be very large. For a large enough collection of companies, there is bound to be some overlap in their activities, and this will show up as correlations in earnings. At the same time, we want enough companies in each group to allow for sufficient degrees of freedom in our tests. A reasonable balance is achieved with groups of seven companies.
These groups are chosen so that the activities of the companies have as little overlap as possible. However, to test whether the activities of the companies are indeed unrelated, we examine the correlations of earnings. Since the earnings of all companies tend to respond to changes in GNP, we first condition earnings on this macroeconomic variable. Specifically, we use the ratio of individual earnings to nominal GNP as a measure of conditioned, or normalized, earnings. 14 We work with first differences of these normalized earnings. We start by examining the individual correlations of these first differences. The more relevant question, however, is whether the 21 correlations for each set of companies are statistically significant as a group.
To answer this question, for each group of companies we conduct a likelihood ratio test of the hypothesis that the correlation matrix for earnings is diagonal. As shown in Morrison (1967), the ratio of the restricted and unrestricted likelihood functions is A = IRIN/ 2 , where IR| is the determinant of the correlation matrix. The test statistic is therefore -2 log A, 1 4 We also experimented with regressions of earnings on a variety of contemporaneous macroeconomic variables. The residuals in these regressions were generally no less correlated than the ratice of earnings to GNP that we consider.
which is distributed as X 2 with 21 degrees of freedom.
OLS Regressions
We next examine the correlations of returns. It would not be surprising to find that returns within each group of companies are correlated, even if earnings are uncorrelated, since we expect changing macroeconomic conditions to affect all returns through effects on expected future earnings. At issue is whether these returns remain correlated after controlling for macroeconomic effects.
If investors' expectations of future macroeconomic conditions are based solely on current and past values of macroeconomic variables, simple OLS regressions can be used to filter out these effects. In this case, regressions of individual ex post returns on a sufficiently large set of current and lagged macroeconomic variables should lead to uncorrelated residuals. Such regressions correspond to eqn. (7), with Xt a vector of observable macroeconomic variables.
Should the return on the market be included as a right-hand variable in the estimation of (7)? It should not if all relevant macroeconomic variables have been included, since those variables should account for any comovement of returns. Hence we first run OLS regressions excluding the return on the market. We then repeat these regressions including the market return. We do this for two reasons. First, as shown by Roll (1988) and Cutler, Poterba and Summers (1988) , macroeconomic variables explain very little of the movements in market indices. Thus it is likely that regressions that exclude the return on the market will have correlated residuals. Second, given the performance of the CAPM, we expect the market return to pick up at least part of the effect of any omitted factors. It is thus of interest to see whether the correlation among returns disappears when the market return is included.
Finally, we also run regressions that include instead the lagged dividend-price ratio for the market as a whole. This variable has been shown to be a good predictor of overall returns. 1 5 Although it has no role in the theory, we add it because variables which predict expected returns are likely to predict comovements in returns.
In all of these OLS regressions, we test for excess comovement by comparing the likelihood of the model (7) in which the residual covariance matrix is diagonal to that in which the residual covariance matrix is unrestricted. This is equivalent to applying the X 2 test we discussed above in the context of earnings to the correlation matrix of residuals.
Our regressions are closely related to those run by Chen, Roll and Ross (1986) and Burmeister and McElroy (1988a,b) . It is important to distinguish these from the factor analytic methods used in the bulk of the empirical literature on the APT. 16 These factor analytic methods use linear combinations of other returns as X's on the right hand side of (7). As with our regressions, these linear combinations are chosen to minimize the correlation of the E's. The difference is that the resulting factors (linear combinations of returns) have no economic interpretation. The problem is that many factor structures are consistent with the same data. As a result, it is not possible to determine whether these factors are related to macroeconomic fundamentals or instead are just a convenient way of summarizing correlations among returns that cannot be justified on the basis of fundamentals.
Latent Variable Models
An important weakness of these regression tests is that investors are likely to base their forecasts of the future values of macroeconomic variables on information that extends beyond the current and past values of these variables. 17 Chen, Roll and Ross (1986) anticipated as much when they included leads of macroeconomic variables as regressors.
The problem with including leads is that investors cannot know the future with certainty, so that these leads are in fact error-ridden measures of expectations. Unfortunately, the introduction of common explanatory variables subject to measurement error will by itself lead to correlation among the residuals. The residual in every equation explaining returns is affected by the common measurement error.
Instead of using leads of macroeconomic variables, we use latent variables which represent their unobserved market expectations. These latent variables differ from the unobservable factors common in standard implementations of the APT in that they must be rational forecasts of the future realizations of macro variables.
The model has the following structure. In equation (7), the vector Xt consists of two types of variables. The first are the realizations at t (or earlier) of observable macroeconomic variables. The second are the latent variables. Specifically, we rewrite (7) as:
where Mt is a vector of observable variables, rit is a vector of latent variables at t, and -1,i
and -Y2, are vectors of fixed coefficients.
For the time being, we let 'it include market expectations of certain macroeconomic variables at time t + 1, which we denote by Yt+l. (The analysis would be unchanged if instead of representing expectations of t + 1 realizations, the latent variables were expectations of realizations further in the future.) Two additional equations are needed to ensure that the 'r's can be given this interpretation. The first is:
which simply states that the future realizations of each macroeconomic variable equals the corresponding latent variable plus a forecast error.
The second equation is an econometric model for predicting future Y's:
In eqn. (10) Xt and It. It is the combination of (9) and (10) which imposes economic structure on the latent variables.
Several comments about this latent variable procedure are in order. First, the variables in It (the instruments) include any observable variables that are useful for forecasting. It is thus natural to include broad market indices as instruments. The role of these indices in explaining individual returns then comes from their well established ability to predict macroeconomic variables. 18 Once the value of a market index is included as an instrument, it is apparent that we have a model that cannot be rejected on the basis of the volatility of broad indices of stock prices alone. This can be seen by considering a related model where there is only one equation such as (7) and it has the market return, St, on the left-hand side:
Equations such as this one but with the latent variables Y7 excluded have been estimated by Roll (1988) and Cutler, Poterba and Summers (1988) , who in both cases obtained very low R 2 . Suppose that there is a single tl in (7'), a single Y in (9) and (10) and that the only instrument is the market return, St. Estimation of this model by maximum likelihood under the assumption that the residuals are normal will lead to (7') fitting perfectly. In particular, t 7 t will be estimated to be equal to Mtao + Stal where, in small samples, a 1 will differ from zero with probability one. 19 Then, '72,S will equal 1/al while "f,S will equal -a0 so that ES,t is zero. We estimate the model given by (8), (9) and (10) for the seven returns in each group, and we consider two j7's which represent forecasts of next quarter's real GNP and rate of inflation. We obtain parameter estimates via maximum likelihood by assuming that all the residuals are normal. We first estimate this system imposing the restriction that the variance-covariance matrix of the E~,t's be diagonal. We then re-estimate it relaxing this constraint. so that we can perform a likelihood ratio test of the validity of these restrictions.
Data
Our choice of companies was constrained by need for long time series for both quarterly earnings and returns. We assembled six groups, labelled A to F, each of which contains seven companies. The names of the companies and their principal lines of business are shown in Table 1 .
Quarterly data on earnings were obtained from COMPUSTAT. We use the series for "Operating Income before Extraordinary Items" for two reasons. First, the extraordinary items are typically unrelated to earnings from normal operations. Second, they induce sharp spikes in the series for total earnings, which are such strong outliers that a small number of them can dominate any measure of correlation constructed with total earnings.
Unfortunately, not all our companies had complete data for "Operating Income before Extraordinary Items". The missing data points were interpolated using data from "Operating Income Inclusive of Extraordinary Items".
Quarterly returns data were obtained from CRSP by cumulating the three monthly returns corresponding to each quarter. Thus the return in the first quarter is the return from the first working day after January 1 to the last working day before March 31. Our earnings correlations and OLS regressions use data which run from the second quarter 1969 to he fourth quarter of 1987. Data for the macroeconomic variables were obtained from CITIBASE.
The Behavior of Earnings and Returns
The groups of companies in Table 1 were selected to be in unrelated lines of business.
We therefore expect the earnings of these companies (specifically, "Operating Income before Extraordinary Items") to be uncorrelated, and we check to see whether this is indeed the case. Earnings are measured in nominal terms and so are affected by both inflation and the business cycle. We therefore normalize earnings by taking their ratio to nominal GNP.
This ratio exhibits a high degree of autocorrelation, which makes it difficult to compute the statistical significance of correlations in levels. Quarterly differences exhibit very little autocorrelation, so we calculate interfirm correlations for these first differences. Because some individual correlations are significant, we also constructed a seventh group of companies (group G). The companies in this group are also included in the other groups, but were chosen so that within this grouping no individual correlation exceeds 0.13. We report the results for this group at the end of Section 6.
One might argue that earnings are serially correlated, and that these tests fail to account for possible correlations between the change in earnings of one company and lagged changes in earnings for other companies. To allow for this possibility, we regress, for each company, the log change in normalized earnings against the log changes in normalized earnings, lagged one quarter, for the other six companies in the group, as well as real GNP We now examine whether these highly correlated returns can be explained by common macroeconomic effects.
Regression Tests
We conduct OLS regression tests by first estimating eqn. (7), with the current and lagged values of five macroeconomic variables included in the vector X. We choose macroeconomic variables that could reasonably be expected to broadly affect expected future earnings and/or discount rates: the log first difference of real GNP (Y), the log first difference of the GNP deflator (7r), an index of the exchange value of the dollar against ten other currencies (EXCH), the ratio of aggregate corporate profits before tax (inclusive of depreciation) to nominal GNP (CPBT), and the three-month Treasury bill rate (TBILL).
After running these regressions for each group of companies, we test whether the resulting residual covariance matrix is diagonal. A, B, C, D, E and F respectively. All of these statistics are significant at the 1 percent level, allowing us to easily reject the hypothesis that the ci,t's are uncorrelated across firms. In fact, these statistics are nearly the same as those that were calculated for the raw returns, without filtering out macroeconomic effects. (For groups B and C, the X 2 statistics for the OLS residuals are larger than those for the raw returns. Adding explanatory variables reduces the unexplained variance of returns for each company, but can lead to smaller reductions in covariances so that the correlations rise.)
As one might expect from these results, macroeconomic variables explain only a very small amount of the variation in ez post returns. This can be seen from One might argue that real consumption is more likely than real GNP to broadly affect expected returns. (We chose GNP because it is the underlying determinant of consumption, and it avoids measurement error associated with imputed components of consumption.)
We therefore also ran these OLS regressions adding the log change of real consumption of services and nondurables, unlagged and lagged, as additional variables. The results were little changed; the X 2 statistics are 141. 57, 159.79, 196.24, 144.69, 190.90, and 250.17 respectively.
We also found that adding long term interest rates and the log change of oil prices does little to the test statistics. One variable which does affect the results is the return on the S&P 500 itself. When we included the logarithm of the ratio of the current S&P 500 index to that in the previous quarter, the test statistics dropped to 66. 45, 86.59, 91.26, 91.74, 92.34, and 139.48 . While this is a substantial drop, these are still highly significant.
It is clear from this that the correlation of stock returns for unrelated companies cannot be explained simply in terms of their correlation with broad indices. Since neither observable macroeconomic variables nor broad market indices can account for the correlations of returns, we next consider the possibility that these correlations can be explained by unobserved expectations of future macroeconomic variables.
Latent Variable Tests
We begin by estimating eqns. (8), (9) and (10) simultaneously using two latent variables. The first is the unobserved market expectation of next quarter's rate of growth of the GNP deflator. Expected inflation is relevant because it is a primary determinant of the real return on Treasury bills, which in turn affects discount rates, as well expected future economy-wide profits. The second latent variable is the market's expectation of real GNP growth, also an important determinant of economy-wide profits. We include in the vector
Mt of observable macroeconomic variables current and lagged values of the following: the rate of growth of the GNP deflator (7r), the rate of growth of real GNP (Y), corporate profits before tax divided by nominal GNP, (CPBT), the 3-month Treasury bill rate (TBILL), and the exchange value of the dollar (EXCH). Finally, the vector It of instruments includes the current and lagged values of the following: the S&P 500 index normalized by nominal GNP (S), the logarithmic first difference of the monetary base (BASE), and the rate of growth of the real price of crude oil (CRUDE).
We estimate this system of equations via maximum likelihood, under the assumption that the error terms in each equation are normally distributed. We first perform this estimation imposing the constraint that the covariance matrix of the ei,t is diagonal, so that the explanatory and latent variables must account for all of the correlations among returns. We then reestimate the model leaving this covariance matrix unconstrained. Note, however, that even this relatively unconstrained model imposes some constraints; we use more instruments than latent variables so that the system is overidentified. Estimation is done using LISREL. 2 1 Besides yielding parameter estimates, LISREL computes the value of the likelihood function, making likelihood ratio tests straightforward.
Parameter estimates for the constrained system are shown in Despite these insignificant earnings correlations for this group, the residual correlations from the OLS regressions of returns and from the latent variable model remain highly significant. The OLS residual correlations, which are shown in Table 6B , are comparable to those in Table 4 for the original six groups of companies. Table 6C shows the residual correlations from the latent variable model of returns. Only two of these correlations are individually significant, but the group is significant at the 5 percent level. Table 7 shows the parameter estimates for the latent variable model. The likelihood ratio statistic for a diagonal covariance matrix is 59.36, which is significant at 1 percent. Thus even when companies are chosen to minimize the correlation of their earnings, we still cannot account for the comovement of their returns.
Conclusions
We have argued that correlations among the stock returns for companies in unre- He shows that a large number of eigenvalues of the covariance matrix of returns tend to grow as one adds more returns, so that one cannot explain these correlations with an approximate APT that has a small number of factors.
One might argue that our tests are incomplete, in that we may have excluded some important macroeconomic variable from our specifications. This possibility cannot be ruled out. This problem is analogous to that which arises in other tests of the APT; if a sufficiently large number of factors is included, the model cannot be rejected. The voluminous literature testing the APT thus restricts itself to using only a small number of factors and investigating whether these suffice to explain differences in ex ante returns across stocks. In the same spirit we have studied whether a reasonable number of macroeconomic variables and latent variables can explain the correlation of returns.
It is important to emphasize, however, that simply adding, say, an additional latent variable need not reduce the X 2 statistics for our tests of a diagonal covariance matrix.
In fact, our recent work on commodity prices shows that adding statistically insignificant latent variables can increase these statistics. 23 In any case, more extensive experiments will be required to determined whether there are other variables that are better explanators of returns and their joint movements.
We have no good explanation for our finding of excess comovement. One possibility is that the linear factor model is imperfect. In particular, the way returns respond to underlying economic variables might have coefficients that change over time or be nonlinear and this might induce correlation among the residuals of linear regressions. This possibility must be taken seriously because the linearity of the response of returns to economic variables id only an approximation, it does not follow directly from the present discounted value model.
Alternatively, "fads" of some sort may play a role. But, if they do, they are likely to be quite complicated since our finding of excess comovement holds even when we include the market return as an explanatory variable in our OLS regressions, and as an instrument in our latent variable models. In particular, the excessive residual correlations in table 9 display no particular pattern. Our view is simply that current models of rational asset pricing do not fully explain the comovements of returns, and that more work is needed to understand the cause of our finding.
2 "In Pindyck and Rotemberg (1989), we tested for excess comovement of commodity prices by first estimating a model with one latent variable, and then with two. The corresponding X 2 statistics generally increased.
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